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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to color imaging systems and methods. In particular, this 
invention is related to systems and methods of separating different light into two or more 
5 spectrums, modulating the separated spectrums, and re-combining the modulated 
spectrums to create color images. 

2. Background of the Related Art 
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Ji Some prior an color image projector systems separate input light into three 
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£n primary colors, separately modulate the colors, and recombine the modulated color 
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10^ images to create a consolidated, modulated color image. Prior art systems typically 
separate input white light into multiple colors using multiple dichroic beamsplitters. 
^ Usually, a first dichroic beamsplitter will separate the white light into a first primary 
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p color, and a complementary color. The complementary color light is then further 
separated into second and third primary colors by a second dichroic beamsplitter. Once 
15 the white light has been separated into three primary color beams, the light beams are 
separately modulated. Additional dichroic elements are then used to re-combine the 
modulated beams. 

The dichroic beamsplitters used in these prior art systems typically use a thin film 
of a dichroic material that is deposited on a transparent substrate, or sandwiched between 



two shaped transparent elements. Unfortunately, the performance of the dichroic thin 
film material is poor off-axis. Thus, the performance of devices using the dichroic 
beamsplitters is usually poor off-axis. 

The dichroic thin films used in the prior an systems are intended to act on light 
based only on wavelength. The polarization orientation of the light passing through the 
dichroic elements should not matter, and the dichroic elements should not change the 
polarization orientation of the light. In practice, however, the polarization orientation 
of the light does have an effect on how the dichroic thin films affect the light. 

If a prior art system utilizes liquid crystal modulators, the light may be polarized 
into specific orientations to allow the modulators to perform their function. This 
polarization orientation can affect how the dichroic thin films perform the color 
separation function. In addition, if the liquid crystal modulators are reflective panels, the 
colored light will usually pass through a dichroic thin film a first time with a first 
polarization orientation, and then a second time with a different polarization orientation. 
Because the polarization orientation changes, the dichroic thin film will operate on the 
light differently during each pass. All these effects combine to deteriorate the 
performance of the prior art systems. 

In addition, to improve color saturation, many of the prior art devices that utilize 
dichroic beamsplitters to separate light into three primary colors also utilize notch or 
band-pass filters to remove light having wavelengths between the three primary colors. 



For instance, notch filters are often used to remove cyan and yellow "pastel" colors. The 
removal of the pastel colored light reduces the brightness of the resulting color images. 

SUMMARY OF THE INVENTION 

The present invention is directed to systems and methods that utilize one or more 
polarizing beamsplitters to separate light into different color spectrums. 

In a system embodying the present invention, at least one retarder stack is used to 
condition input light so that different spectrums of the light have different polarization 
orientations. One or more polarizing beamsplitters are then used to separate the different 
spectrums based on their respective polarization orientations. The separated color 
spectrums are then modulated with respective modulators, and the modulated spectrums 
are re-combined to create a consolidated, modulated color image. 

In preferred embodiments of the invention, the polarizing beamsplitters are also 
used to accomplish the recombination of the different modulated color spectrums. Also, 
preferred embodiments may utilize reflective liquid crystal modulator panels that 
selectively modulate the polarization orientation of the different spectrums. The 
polarization change imparted by such modulators can also be used to control the direction 
of progression of the light through the system. 

A system that separates input light into different spectrums, separately modulates 
the spectrums, and then re-combines the spectrums, must operate so that the re-combined 



image is properly re-integrated. If projection lenses are used to project the image, the 
modulators that perform the modulation function for each color must all be located at 
substantially the same distance from the projections lenses to ensure that the 
magnification is the same for each of the separate color images. If this does not occur, the 
. 5 image may be blurred or distorted. Embodiments of the present invention have their 
beam splitting and recombining elements arranged so that the same effective distance 
exists between the projection lenses and each modulator. 

Systems embodying the invention that utilize reflective liquid crystal modulator 
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*fl panels may also utilize light doublers, as described later in the application. Although 
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10 S ferroelectric liquid crystal modulators require DC balancing, which results in alternating 
y inverse images, the light doublers allow the inverse images to be converted to normal 
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* a images. Thus, every frame of the image data can be output by the system, and brightness 

ru 

s y» is maximized. 
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2 Systems embodying the present invention can also utilize output retarder stacks 

15 that orient all the different modulated spectrums into the same polarization orientation. 
If projection lenses are used to project the resulting consolidated, modulated color image, 
the unitary polarization orientation can improve the efficiency of the lens system. 

Preferred embodiments of the system may also include both a polarizing 
beamsplitter and a dichroic beamsplitter. In this type of embodiment, a retarder stack and 
20 the polarizing beamsplitter can be used to separate the input light into two spectrums, and 
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the dichroic beamsplitter can be vised to separate one of the spectrums into two additional 
spectrums. Each of the resulting three spectrums can then be separately modulated with 
respective modulators. The modulated spectrums can then be re-combined using the same 
dichroic beamsplitter and polarizing beamsplitter. 

Because polarizing beamsplitters do not have the same off-axis problems described 
above for dichroic thin films, systems embodying the present invention have much better 
off-axis performance. Also, because systems embodying the present invention do not rely 
exclusively on dichroic thin films to separate the light into different spectrums, the use 
of reflective liquid crystal modulators does not negatively impact system performance. 

The retarder stacks that condition the light so that it will have certain polarization 
orientations can also be designed to block or reflect the "pastel" wavelengths between the 
primary colors. This eliminates the need for separate notch filters, and may help to 
improve the overall efficiency or brightness of the system. 

Additional advantages, objects, and features of the invention will be set forth in 
part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from 
practice of the invention. The objects and advantages of the invention may be realized 
and attained as particularly pointed out in the appended claims. 



BRIEF DESCRIPTI ON OF THE DRAWINGS 

The invention will be described in detail with reference to the following drawings, 
in which like reference numerals refer to like elements, and wherein: 

Figure 1 is a diagram of a first embodiment of the present invention; 
Figure 2 is a diagram of a second embodiment of the present invention; 
Figure 3 is a diagram of a third embodiment of the present invention; 
Figure 4 is a diagram of a fourth embodiment of the present invention; and 
Figure 5 is a diagram of a fifth embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In the drawings, arrowed lines indicate the directions that light travels through the 
systems. The arrowed lines are labeled to indicate the color of the light, and the 
polarization orientation. A capitol R indicates red light, a capitol G indicates green light, 
and a capitol B indicates blue light. 

For purposes of discussion, the following descriptions will refer to two different 
polarization states. The first polarization state will be the "P state," and the second 
polarization state will be the "S state." A superscript symbol next to a letter indicating 
the color of a light beam indicates the polarization state of the light. A superscript 
symbol comprising two parallel lines indicates the P polarization state. A superscript 
circle symbol indicates the S polarization state. 



Figure 1 shows a first embodiment of the invention that utilizes four retarder 
stacks and four polarizing beamsplitters. In this embodiment, white light 110 from a light 
source 100 is collimated by collimating lens 112. The light is then polarized by a polarizer 
114 so that it has the S polarization orientation. 

A first retarder stack 116 is positioned between the light source 100 and a first 
polarizing beamsplitter 118. The first retarder stack 116 is designed to modulate the 
polarization orientation of blue light, but to allow the polarization state of yellow light 
(which is comprised of red and green light) to remain unchanged. This type of retarder 
stack is known as a Blue/Yellow retarder stack. 

As the polarized input light passes through the first retarder stack 116, the 
polarization state of the blue light will be rotated into the P orientation, and the red and 
green components of the light will keep the S polarization orientation. Thus, two arrows 
are shown exiting the first retarder stack 116. A first arrow, indicating the blue light 
having the P orientation, is labeled B", and a second arrow, indicating yellow light (red 
and green), is labeled Y°. 

The embodiment shown in Figure 1 includes four polarizing beamsplitters 118, 
120, 124, 128. Each polarizing beamsplitter has a square cross section with a diagonal line 
passing through the square. Each of the polarizing beamsplitters is configured to allow 
light having the P polarization orientation to pass through the splitters without 



deflection. The polarizing beamsplitters are also configured to deflect light having the S 
orientation by 90 degrees. The light is effectively reflected along the. diagonal lines. 

The blue light leaving the first retarder 116 will pass straight through the first 
polarizing beamsplitter 118 because it has the P polarization orientation. The yellow 
light, because it has the S polarization orientation, will be reflected upward by the first 
polarizing beamsplitter 118. 

Because the blue light has the P orientation, it will then pass straight through the 
second polarizing beamsplitter 120, and impinge on a first reflective modulator panel 122. 
The reflective modulator panel 122 is configured to selectively rotate the polarization 
orientation of the incident light in a spatial pattern based on control signals. In a 
preferred embodiment, the reflective modulator panel will operate in a binary fashion 
such that the reflected light leaves the modulator panel with either the P orientation, 
which is the same polarization orientation in which it arrived, or the S orientation. The 
reflected light with the P orientation can be considered unmodulated, since the 
polarization orientation does not change. The reflected light having the S orientation, can 
be considered modulated. 

The unmodulated reflected blue light, which has the P orientation, will then pass 
straight back through the second polarizing beamsplitter 120 and the first polarizing 
beamsplitter 118, and then on to the light source. The reflected modulated blue light, 
having the S orientation, will be reflected upward by the second polarizing beamsplitter 
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120 towards the fourth polarizing beamsplitter 124. When the modulated blue light, 
having the S orientation, enters the fourth polarizing beamsplitter, it will be reflected 
toward an output end located on the top left of the drawing. 

Returning now to the yellow light reflected upward by the first polarizing 
beamsplitter 118, the yellow light leaves the first polarizing beamsplitter 118 and passes 
through a second retarder stack 126. In this embodiment, the second retarder stack 126 
is a Green/Magenta retarder stack, which means that the polarization orientation of the 
green light is rotated, and the polarization of any magenta light (which includes red and 
blue) is unaffected. Thus, as the yellow light passes through the second retarder stack 126, 
the green portion is rotated so that it has the P orientation, and the red portion is 
unaffected. 

The red light leaving the second retarder stack 126 enters the third polarizing 
beamsplitter 128, and because it has the S orientation, it is reflected towards a second 
reflective modulator panel 130. The second reflective modulator panel 130 operates like 
the first reflective modulator panel 122 described above. Unmodulated portions of the 
red light are reflected from the modulator panel with the S orientation, which is the same 
orientation in which it arrived. Modulated portions of the red light are reflected with the 
P orientation. 

The unmodulated red light, because it still has the S orientation, will be reflected 
downwards by the third polarizing beamsplitter 128. The unmodulated red light will 
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then pass back through the second retarder stack 126, without a polarization change, and 
into the first polarizing beamsplitter 118. The unmodulated red light will then be 
reflected by the first polarizing beamsplitter 118 back towards the light source. 

The modulated red light reflected from the second reflective modulator panel 130, 
because it has the P orientation, will pass straight through the third polarizing 
beamsplitter 128, and into a third retarder stack 134. In this embodiment, the third 
retarder stack is also a Green/Magenta retarder stack, so the red light will pass through 
the third retarder stack 134 without a change in its polarization orientation. The 
modulated red light will then pass straight through the fourth polarizing beamsplitter 124 
and to an output end of the system. 

The green light entering the third polarizing beamsplitter 128, having the P 
orientation, will passes straight through the third polarizing beamsplitter 128, and 
impinge on a third reflective modulator panel 132. The third reflective modulator panel 
132 operates like the first modulator panel 122 and second modulator panel 130. Thus, 
unmodulated green light will be reflected with the P polarization orientation, which is the 
same orientation in which it arrived. Modulated green light will be reflected with the S 
orientation. 

The unmodulated green light, having the P orientation, will pass straight back 
through the third polarizing beamsplitter 128, and into the second retarder stack 126. 
The second retarder stack will rotate the unmodulated green light into the S orientation 
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as it passes toward the first polarizing beamsplitter 118. The unmodulated green light, 
now having the S orientation, will then be reflected by the first polarizing beamsplitter 
118 back toward the light source. 

The modulated green light, having the S orientation, will be reflected by the third 
5 polarizing beamsplitter 128 towards the third retarder stack 134. As the modulated green 
light passes through the third retarder stack 134, it will be rotated into the P orientation. 
The modulated green light, now having the P orientation, will pass straight through the 
fourth polarizing beamsplitter 124 and toward an output end of the system. 

0 

y3 A fourth retarder stack 136 is located at the exit side of the fourth polarizing 
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l(Jp beamsplitter 124. In this embodiment, the fourth retarder stack is a Blue/Yellow retarder 
y stack, just like the first retarder stack 116. Thus, the retarder stack will rotate the 
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L, polarization orientation of blue light, but allow yellow light (red and green) to pass 

fy 

M- through without a polarization change. 

S The modulated green light and the modulated red light passing out of the fourth 

15 polarizing beamsplitter 124 will pass through the fourth retarder stack 136 without a 
change in polarization orientation. The modulated blue light leaving the fourth 
polarizing beamsplitter 124 will pass through the fourth retarder stack 136 and be rotated 
into the P orientation. Thus, the light exiting the fourth retarder stack will include 
modulated red, green and blue images, all of which are in the same polarization 
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orientation. This three color modulated image will then be focused by projection optics 
138. 

In this embodiment, each of the reflective modulator panels is located substantially 
the same distance from the projection optics 138. Thus, the three different color images 
produced by the modulator panels will be magnified the same amount, and the resulting 
composite image will be sharp and in-focus. 

In the embodiment described above, and in the embodiments which follow, the 
reflective modulator panels could be any type of reflective modulator panel capable of 
modulating the polarization orientation of the reflected light. This could include nematic 
and ferroelectric liquid crystal reflective modulators. Ferroelectric liquid crystal displays 
switch fast and are binary, which may make the control system easy to implement. On 
the other hand, nematic liquid crystals, because they can be controlled in an analog 
fashion, can make it easier to create grayscale images. 

Although ferroelectric liquid crystal modulators are preferred, they have one 
relevant drawback. Due to impurities in the liquid crystal materials, it is desirable to 
alternate the polarity of the voltage applied to each of the pixels of the modulator panel 
during successive frames of data. This is known as DC balancing. The DC balancing 
helps to ensure that impurities in the liquid crystal material do not migrate to one side or 
the other of the cells. 
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When DC balancing is carried out, and the voltage polarity is reversed on each cell 
of a ferroelectric liquid crystal modulator, during successive frames. The voltage polarity 
change results in a polarization orientation change for the modulated light. Thus, 
alternating frames of images data will appear as inverses of one another. A white pixel in 
a first frame will appear black in the next frame, and vice versa. 

One way to eliminate the problem caused by DC balancing is to simply block 
every other frame of image data. However, this approach results in losing half the light 
produced by the system, which is very undesirable. 

A better approach is to use "light doublers" which are described in U.S. Provisional 

Application Serial No. , the contents of which is hereby incorporated by 

reference. A light doubler can be positioned adjacent a ferroelectric liquid crystal display 
panel and, when energized, operates to convert a frame of image data into its inverse. 
Thus, the light doubler is energized during every other frame of image data to convert the 
inverse frame produced by the ferroelectric liquid crystal panel back into a normal image. 
Use of the light doubler eliminates the need to blank the inverse frames that result from 
DC balancing of the ferroelectric liquid crystal modulators, thus doubling the light output 
by the system. 

A second embodiment of the invention is shown in Figure 2. This second 
embodiment is similar to the first embodiment shown in Figure 1, except that it also 
incorporates light doubler elements. A first light doubler 121 is located between the 
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second polarizing beamsplitter 120 and the first reflective modulator panel 122. Similarly, 
second and third light doublers 129, 131 are located between the third polarizing 
beamsplitter 128 and the second and third reflective modulator panels 130, 132, 
respectively* 

As described above, when the reflective modulator panels are ferroelectric liquid 
crystal based modulators, which require DC balancing, the light doublers can convert 
inverse frames of modulated image data back into normal image data. The use of the light 
doublers eliminates the need to blank alternate frames of image data. 

A third embodiment of the present invention is shown in Figure 3. This third 
embodiment utilizes a single polarizing beamsplitter 118 and a single dichroic beamsplitter 
125 to separate light into three spectrums. 

Light from a light source 100 is collimated by collimating lens 112. The coUimated 
light is polarized by a first polarizer 114. The polarized light then passes through a clean- 
up polarizer 115, which ensures that all the light has the same polarization orientation. 
The polarized light, which will have the S polarization orientation in this embodiment, 
then enters a first retarder stack 116. 

In the embodiment shown in Figure 3, the first retarder stack is a Green/Magenta 
retarder stack. Thus, the first retarder stack will rotate the polarization of green light to 
the P orientation, and allow magenta light (red and blue) to pass with the S orientation. 
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The polarizing beamsplitter 118 is configured to allow light having the P 
orientation to pass without deflection, and to deflect light having the S orientation along 
the diagonal line. Thus, the green light leaving the first retarder stack, because it has the 
P orientation, will pass straight through the polarizing beamsplitter 118 and into a glass 
spacer block 119. The green light will be transmitted through the glass spacer block 119, 
and impinge on a first reflective modulator panel 123. 

The first reflective modulator panel 123 is designed to selectively modulate the 
polarization orientation of the reflected light in a spatial pattern. Unmodulated reflected 
green light will leave the first reflective modulator panel with the P orientation, which 
is the same orientation in which it arrived. Modulated reflected green light will leave the 
first reflective modulator panel with the S polarization orientation. 

The unmodulated green light, because it has the P orientation, will pass back 
through the glass spacer block 119, and straight back through the polarizing beamsplitter 
118. The unmodulated green light will then pass back through the first retarder stack 116 
and to the light source 100. 

Modulated green light will also pass back through the glass spacer block 119. 
However, because it has the S orientation, it will be reflected down towards an output end 
of the system. 

The magenta light leaving the first retarder stack 116, because it has the S 
orientation, will be reflected upward toward a dichroic beamsplitter 125, The dichroic 
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beamsplitter 125 is configured to pass light having blue wavelengths without deflection, 
and to reflect light having red wavelengths along the diagonal line. Ideally, the 
polarization orientation of the light will not affect the transmissive or reflective 
characteristics of the dichroic beamsplitter 125. 

The blue light contained within the magenta light passing from the polarizing 
beamsplitter 118 will be transmitted straight through the dichroic beamsplitter 125 and 
impinge on a second reflective modulator panel 127. The red light contained within the 
magenta light entering the dichroic beamsplitter 125 will be reflected to a third reflective 
modulator panel 133. 

The second reflective modulator panel 127 will reflect modulated blue light with 
the P polarization orientation, and unmodulated blue light with the S orientation. Both 
the modulated and the unmodulated portions of the blue light will pass straight back 
through the dichroic beamsplitter 125 and into the polarizing beamsplitter 118. The 
unmodulated portion of the blue light, because it has the S orientation, will be reflected 
back to the first retarder stack 116 and toward the light source 100. The modulated 
portion of the blue light, because it has the P orientation, will pass straight through the 
polarizing beamsplitter 118. 

The third reflective modulator panel 133 will reflect modulated portions of the red 
light with the P orientation, and unmodulated portions of the red light with the S 
orientation. Both the modulated and unmodulated portions of the red light will be 
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reflected by the dichroic beamsplitter 125 back to the polarizing beamsplitter 118. The 
unmodulated portion, because it has the S orientation, will be reflected by the polarizing 
beamsplitter 118 back through the first retarder stack 116 and toward the light source 100. 
The modulated portion of the red light, because it has the P orientation, will pass straight 
through the polarizing beamsplitter 118, 

The light exiting the bottom of the polarizing beamsplitter 118 will include blue 
and red portions having the P orientation, and a green portion having the S orientation. 
The light will then pass through a second retarder stack 136 designed to convert all the 
colored light into the same polarization orientation. In the embodiment shown in Figure 
3, the second retarder stack 136 is a Green/Magenta retarder stack, same as the first 
retarder stack 116. Thus, the green light will be rotated into the P orientation, and the 
magenta light (blue and red) will pass through without a change in their polarization 
orientation. The light exiting the second retarder stack will then pass through projection 
optics 138. 

In the embodiment shown in Figure 3, as in the previous embodiments, the 
distance between each of the modulator panels and the projection optics 138 is 
substantially the same. Thus, the magnification of each of the different colored images 
by the projection optics 138 will be the same. 

In the embodiment shown in Figure 3, the first modulator panel is spaced from the 
polarizing beamsplitter 118 by a glass spacer block 119. The glass spacer block 119 is used 
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to ensure that the distance from the first modulator panel 123 to the projection optics 138 
is the same as the distance from the second and third modulator panels 127, 133 to the 
projection optics 138. Although this embodiment uses a glass block, alternative 
embodiments could use any type of spacer, including air. Glass is the preferred material 
since it does not affect the polarization orientation or propagation direction of the light, 
and has an index of refraction that is closely matched to the other elements of the system. 
In addition, the use of a solid spacer allows all the elements of the system to be rigidly 
attached to one another, which can help to maintain the alignment and integrity of the 
system. 

As described above, if ferroelectric liquid crystals are used for the reflective 
modulator panels, it is desirable to use light doubler elements. Figures 4 and 5 show 
fourth and fifth embodiments of the invention that utilize light doublers. 

In the embodiment shown in Figure 4, a first light doubler 121 is located between 
the polarizing beamsplitter 118 and the glass spacer block 119. The first light doubler 121 
converts alternating inverse image frames from the first reflective modulator panel 123 
back into normal image frames. A second light doubler 129 is located between the 
polarizing beamsplitter 118 and the dichroic beamsplitter 125. The second light doubler 
129 converts alternating inverse image frames from the second and third reflective 
modulator panels 127, 133 back into normal image frames. 
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Because the reflection directions of the red and blue portions of the light within the 
dichroic beamsplitter 125 are not affected by the polarization orientation of the light, it 
is possible to locate the second light doubler 129 between the polarizing beamsplitter 118 
and the dichroic beamsplitter 125. This also allows one light doubler to operate on the 
light from both the second and the third reflective modulator panels 127, 133. In alternate 
embodiments, however, it would be possible to replace the second light doubler 129 with 
two light doublers that are located, respectively, adjacent the second and third reflective 
modulator panels 127, 133. 

In the fifth embodiment, shown in Figure 5, the first light doubler 121 is moved 
to a location between the glass spacer block 119 and the first reflective modulator panel 
123. 

In the alternate embodiments shown in Figures 4 and 5, the distance between each 
of the reflective modulator panels and the projection optics remains the same, thus 
ensuring a clear, in-focus image. 

In the embodiments described above, the light source 100 provided unpolarized 
white light. In alternative embodiments, such a light source could be replaced with a light 
source that provides polarized light. In these alternative embodiments, there would be 
no need for polarizing elements. 

Also, in each of the embodiments described above, a polarizer element is used to 
convert unpolarized light. In alternative embodiments, a polarization conversion system, 



with or without a clean-up polarizer could be used in place of the polarizer element. Such 
devices are described in U.S. Application Serial No. 09/165,127, filed October 2, 1998, the 
contents of which are hereby incorporated by reference. For instance, in the embodiment 
shown in Figure 3, the element labeled with reference No. 114 could be a polarization 
conversion system, and the element labeled 115 could be the clean-up polarizer. 

The light source in any embodiment of the invention could be any type of device 
capable of outputting light, such as light bulbs that utilize a filament, metal halide bulbs, 
lasers, light emitting diodes, fluorescent lights, gas filled discharge tubes, 
electroluminescent materials, and plasma based light sources that utilize microwaves as 
an excitation source, such as the devices described in U.S. Patent No. 5,404,076. 

Also, in the embodiments described above, white light is separated into three 
primary colors, the three primary colors are separately modulated, and the modulated 
light is re-combined to create a consolidated color image. In other embodiments of the 
invention, only two or more than three colors could be separately modulated. In 
addition, the colors need not be primary colors. An embodiment of the invention could 
be used to separate light into any combination of continuous or discontinuous spectrums, 
where the separated light is modulated and re-combined. Moreover, embodiments of the 
invention may operate upon light partially or completely outside the visual range. 

In the embodiments described above, a retarder stack is located at the output end 
to ensure that all portions of the light have the same polarization orientation before it 



enters the projection optics. This is done because Applicants believe this will lead to the 
greatest possible efficiency. However, alternative embodiments of the invention need not 
include the output retarder stack. 

In each of the embodiments described above, the systems utilize reflective 
modulator panels. In alternative embodiments of the invention, transmissive modulator 
panels could be used in place of the reflective modulator panels. 

In prior an systems, notch filters are added to block wavelengths of light that are 
between primary colors and that can harm the color saturation of the resulting images. 
These notch filters can result in up to a 15 percent loss in brightness. 

In systems embodying the present invention, the input retarder stack, or possibly 
two or more of the retarder stacks can be designed to remove or reflect the wavelengths 
of light that harm color saturation. Use of the retarder stacks eliminates the need for 
separate notch filters, which lowers the cost of production. In addition, if the light is 
reflected back to the source, some brightness savings can be realized, thus increasing the 
overall efficiency and brightness of the system. 

The foregoing embodiments are merely exemplary and are not to be construed as 
limiting the present invention. The present teaching can be readily applied to other types 
of apparatuses. The description of the present invention is intended to be illustrative, and 
not to limit the scope of the claims. Many alternatives, modifications, and variations will 
be apparent to those skilled in the art. In the claims, means-plus-function clauses are 
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intended to cover the structures described herein as performing the recited function and 
not only structural equivalents but also equivalent structures. For example, although a 
reflective modulator panel and a transmissive modulator panel are not structural 
equivalents in that the transmissive modulator panel allows light to pass therethrough and 
a reflective modulator panel reflects light, in the environment of modulation of light, a 
transmissive modulator panel and a reflective modulator panel may be equivalent 
structures. 
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